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CHAPTER I
INTRODUCTION
gists has been the
One of the interests of kinesiolo
ge to human movement as a
application of principles of levera
of the characteristics of
means of increasing understanding
experimental study of the
skills. Movement analysis and the
levers in the throwing action
action of body segments serving as
teaching and learning of
may promote increased efficiency in
al education.
throwing skills in sport and physic
tem operates as a
In human movement the skeletal sys
mechanical laws. The nervous
SEC;eS uf levefs uLeying orneral
ow the muscles to act to
and biochemical reactions which all
body's physiological system.
move these levers are part of the
ed to a thrown tall is a
Thus the speed and accuracy impart
of these two systems. This
product of the combined functioning
one aspect of the problem, that
study was primarily concerned with
and/or ball weight variations
is, the effects which the arm length
may have upon accuracy.
Statement of the Problem
purpose of investigating
This study was undertaken for the
relationship between the
whether there was (1) a significant
owing arm and the accuracy of
length of the secments of the thr
1

2
the overarm throw, and (2) a significant difference in the
accuracy of the overarm throw when the weight of the ball was
varied.
Need for the Study
In the only other reported studies which have
investigated the effects of the use of projectiles of varying
weight, the type of throw used was a lobbing action rather than
a normal throw.

In one of these stucles, the subject was

required to throw over a horizontal crossbar.
subject was required to lob underhand.

In another the

Obviously, these were

non game-like, or artificial, situations.
The motor ability required in any test should be as
similar as possible to that required in the more general
performance (i.e., sport or game) which is being tested.
point would seem obvious but it is sometimes forgotten.

This
The

nearer a test is to the game situation the more meaning it will
have for the subject.
Since no other studies using game-like speed of throwing
actions have previously been completed, it appeared desirable
to carry out such an investigation.
Underlying Hypotheses
The following hypotheses will he investigated:
1.

The heavier the ball, the more accurate the throw.

2. The longer the arm segnent, the greater the degree
of accuracy.

4,

3
Delimitations of the Study
The follueing delimitations were placed on the study:
1.

Only intermediate grade children (i.e., boys between

the ages of eight and eleven years) were considered in selecting
subjects.
2.

With few exceptions subjects were fourth-graders.
The total population of male subjects at two schools

was used in this study.

No specific selection process relative

to their aptitude or ability in throwing skill was utilized.
Definition of Terms
1.

The Overarm Throw was defined as a throw in which

the ball was released above the level of the shoulder and forward
of a straight line connecting the two shoulder joints.
2.

The Balls used consisted of three types:

the lighter

ball was plastic .jth a hollow interior; the medium weight ball
was a similar plastic ball filled with sawdust and shot; and
the heavy ball was a regulation 12-inch softball
Summary
This study was undertaken for the purpose of'
investigating the possible effect of the variation of the
weight of the ball and the length of the arm segment on the
throwing accuracy of elementary school boys.

Also studied was

the combined effect of the interaction of these two factors.
Subjects used in the study were the total poTellation of nine
and ten year old boys at two elementary schools in Bowling Green,
Kentucky.

CHAPTER II
REVIEW OF RELATED LITERATURE
Although there have been several studies conducted in the
area of the throwing accuracy, relatively little research has
investigated specifically the effects of variation of the weight
of the projectile on accuracy as measured by an objective target.
In a test involving the use of projectiles of different
weights Egstrom, Logan, and Wallisl found that practice with a
light ball was as effective as practice with a heavier ball in
developing skill to throw a heavier ball.
the hCaYie

However, practice Jdth

ball, v.tii tranCenned Lo Lhe lighter bail, did not

demonstrate a corresponding effect.

The authors' explanation

of this phenomenon was that the operation of neuromuscular facilitiition involving sensory receptor feedback mechanisms im
the muscles and joints was sharpened by practice with the lighter
ball.

That is to say, the use of a lighter projectile made the

subject more sensitive to the

r:nt.

The type of throw ued

in the test, however, was rather unusual in that the subject had
to employ a lobbing action at a horizontal bar (six inches above
the subject's standing height) that was placed in front of the
1 Glen H.
Egstrom, Cene A. Logan, and Earl L. Wallis,
"Acquisition of Throwing Skill Involving Projectiles of Varying
Weights," Research Quarterly, 31 (October, 1950), 420-425.
4

4
JO,
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target and was inclined at thirty degrees to the horizontal.
Whether the results of this study would transfer to conventional
throwing was questionable.

Kinser,2 in a study of basketball

free throwing accuracy with the non-preferred hand, found that
practice with a light ball developed significantly greater
accuracy than practice with a regulation or heavier ball.
Creek,3 in a test with inexperienced softball players,
found that warm-up with a weighted softball has an adverse
effect on accuracy.

He noted, however, that with repeated

testing, accuracy improved showing that the adverse effect of
the overload warm-up may have been related to the inexperience
in throwing the softball.
4
Breitincer, in a study of the dependence of athletic
v.v.,

VW I t..11

1..111 CC
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high school boys, found almost no connection between the length
of the arm and achievement in throwing.
Jable,5 in a study involving three groups practicing
with light (16 oz.), regulation, and heavy (40 oz.) basketballs,
2Jay Kinser, The Effect of Practicing With Varied
Weights of Basketballs on Free Throw Sk 4,11s, (Master's thesis,
Southwest Missouri State College, 1966).
3
Ronald E. Creek, The Effect of Overload Warm-up on the
Accuracy of Throwing a Twelve-Then Softball, ('aster's thesis,
Eastern Illinois University, 1964-T
4
Emil Ereitinger, "Body Form and Athletic Achievement of
Youths," Research Quarterly, 6 (May, 1935), 85-91.
5
- John T. Jable, The Relative Effects of Training With
Basketballs of Varying Weights Upon Free Throw Shooting ccuracy,
Master's thesis, Pennsylvenia State University, 196-0.

6
found that practice with the light and regulation balls improved
free-throw shooting accuracy with the regulation ball but practice
with the heavier ball did not affect free-throwing performance.
6
Brophy studied target throwing with college women and
found that the reliability increased significantly as the number
of trials were increased.

Between ten and fifty trials the

reliability increased 33.9 percent, showing that more conclusive
results were obtained when subjects received a large number of
trials.
7
McCloy and Young ma7ntained that unless at least twentyfive trials are given the coefficients of reliability for this
type of test were exceedindly low.

However, the New York State

Test was validated at twenty throws per subject.
8
Scott ad Freecil utiaintaihed ihai, an inerease in the number
of trials coTprising the final score for the test will very often
produce an increased reliability coefficient which was not entirely a result of the administration of the test by the same
person under similar circumstances.

One of the explanations

given for this was that up to a point the reliability of a
ZIA

measure increased with the number of trials.

The authors also

't Kathleen
•
Brophy, "A New Target Test for Accuracy in
Throwing," S_paldin9 Athletic Library 121R (New York: American
Sports Publishing Company, 19.107
7
Charles H. McCloy and ::orlea O. Young, Tests and.
Measurements in Health and physical Education, (T;ew York:
Appleton Century Crofts, 1954), 102.
8Gladys M. Scott and
Esther French, Evaluation in
Physical Education, (New York: A. S. Barns, 1945), 117

7
believed that if each attempt on an accuracy scoring test was
scored on a success or failure basis (as in the New York State
Test), the number of trials needed to be greater than if each
attempt was scored for relative accuracy, as ih a test using a
concentric circle target.
In tests involving subjects or players of varying ability
the number of trials necessary for a group of advanced players
will frequently be fewer than the number required for less
experienced players on the same test.

This was illustrated by

the fact that in a basketball shooting test a reliability
coefficient of .676 was established when scoring was based upoo
actual baskets made in contrast to a figure of .788 when a
target-type scoring system was used with the sare number of
LI

101:3.

9
Clarke noted that though a reliability of .70 to .79
was rather low, it .could be expected in accuracy tests of this
type and was adequate for group measurement.
Supporting this, Malinal° stated that the reliability of
accuracy tests is highly variable and is specific to the situation
in which the test is used and is also specific to the manner in
which the reliability is calculated.

Furthermore, the age and

number of subjects, the nue-ber of throws, the type of thro4 and
9H. Harrison Clarke, The Application of Yeasurerlent to
Health and Physical Education, (New jersey: Prentice-Hall, 1(37),
21-31.
10
Robert M. Melina, "Reliability of Different Methods of
Scoring Throwing Accuracy," Research Ouarterly, 39 (March, 1968),
149-160.

8
ball, the distance of the throw and the type of target were all
factors which affect the reliability of accuracy tests.

He found

that highest reliability was achieved by using a concentric circle
target.

From che results obtained in these studies, an objectively

judged circular target appeared to be the best to use in this type
of investigation.
In relation to the learning aspect of a skill Welford ll
stated that when a person meets a situation or carries out an
action he necessarily and inevitably does so in terms of what
he brings to it from previous experience.

His success will in

a large part be determined by how he selects from other situations
and actions of his past experience, some of which will be
relevant and others not.
(kinesthetic Awly-nnocc)

He also stated that the organization
o
the

mnuom n

cariedo
carried
over fromfnm

nrIn

trial to another tended to become firmer cr more complete with
extended usage and t.nat although the crganization undergoes
considerable modification, the way in which the task is performed
the first time it is net may largely det -mine the manner of its
performance subsequently.

He also ment. ±ci that total skill

achievement was often by no means the same thing as the generally
accepted criterion of performance.

In many cases this criterion

had the status of a score dealing with only one part or aspect of
the performance.

In :,- any aiming tasks (including this one) the

score obtained cn the target was only a matter of accuracy and
'1A. T. Velford, Skill and Ace--An Exberirental iloprnach,
(London: Oxf:)rd University Press, 1951), 17-26.

9
took no account of time taken, method of aiming, or of other
factors.
Tricker and Tricker12 stated that a ball, when thrown,
was acted upon, not only by the force applied to it by the
thrower, but also by its weight.

Thus, the ball and the thrower

both influenced the accuracy.
Bowne
"investigated both overarm and underarm throws
and concluded that the position of the arting lever at the
moment of release of the ball had considerable predictive power
relative to the overhand velocity achieved.

However, a similar

relationship was not found between structure-length measures
and overhand throwing velocity.

With underhand throas, results

indicated that neither the length of body segments nor the
nncii.4nn nf +hn

lever at the moment 04 release of thc

ball was a critical factor in determining the velocity of the
throw.
Cearley

14

found no direct linear relationship between

the performance ability for boys and girls aged nine to seventeen
and their ability to throw a softball.

Thus, apart from boys

12R. A. R. Tricker and B. J. K. Tricker, The Science of
Movement, C:ew York: American Elsevier Publishing Company, /c.,
196-7)7141.
13
Mary E. Bowne, "The Relationship of Selected Measures
of Acting Body Levers to Bail Trrowing Velocities," Research
Quarterly, 31 (October, 1960), 392-402.
14Jess E. Cearley,
"Linearity of Contributions of Ages,
Heights and Weights to Prediction of Track and Field Performances,"
Research Quarterly, 28 (October, 1'357), 218-222.

10
being generally more accurate than girls no conclusive trends
were indicated.
15
using college women, conducted a study to
Watson,
determine the degree of relationship that existed between the
length of the levers of the arm (as taken by anthropometric
measurements at shoulder, elbow, and wrist) and the accuracy and
speed of throwing a baseball.

Measurements were taken at the

head of the humerus, the olecranon process and the distal end
of the ulna.

Little relationship was fund aetween body measure-

ments and accuracy and distance in throwing a baseball.

The

correlations between accuracy throwing when compared with
physique measurements were lower than those between distance and
these factors.
aa

1

1 1 1..J1

10

However, there was a correlation of .75 between
1.1 1 1

.
U

throw it a eaxirreim distance.

_a"""

accura,..e,..
I.

1)1

UIIU

IC

U 1 1 1 1...1I..tJ

This could have been caused by

the relationship of childhood experience upon the individual
and not necessarily between accuracy and distance per se.
Wi1d 16 studied the development of throwing in children
aged two to twelve years and found several factors influencing
the throwing action.

A feature common to the overhand throw

was a release which started the ball on a nearly horizontal

it

path, regardless of the age of the child or the initial velocity
15 Katharine G. Watson, "A Study of the Relation of Certain
Measurenents of College Wemeh to Throwing Ability," Research
Quarterly., 8 (October, 1937), 131-141.
16
Mcnica R. Wild, "The Behavior Pattern of Throwing and
Some Observations Concerning Its Course of fevelopment in
Children," Research Quarterly., 9 (October, 1938), 20-24.

11
of the throw.
girls.

Tnis trait was more pronounced in boys than in

Evidence pointed to the possibility that the arm action

was largely responsible for the speed imparted to the hand and
ball.

The time interval from the beginning of the forward swing

to the release of the ball became progressively shorter with age.
It was during this time that the acceleration resulting in the
velocity of the ball at release was built up.

Thus with older

children the throwing action progressively shortened in terns
of both distance moved and tir'

aken.

Analysis of the throwing

action showed that from the beginning of the forward swing (where
there is practically zero velocity) there was definite acceleration
to the point of release, after which speed decreased during the
follow through.
eciet in.

Wild also found that trunk movement did not

nottinn Arrolnrinn

44%n+ 4* .ozr

rnr,c4-1
,
Vt.

..46

mv.r4
••••••.•

orienting factor for a hiehly vigorous and rapid arm action.
Wild also found that throwing patterns developed by.
children were both kinesiological and physiological in natur2.
These patterns seemed dependent on such neuromuscular faculties
as equilibration and orientation.

She found the better the

development of sensitive proprioceptive mechanisms, the better
the development of a basic pattern essential to an intricately timed
activity such as throwing.

Taking this into account, any sobjects

regularly playing "little league
perform better on the test.

basetall might be expected to

12
"
In an experiment with first grade children, Miller.
found that instruction in the overhand throw for accuracy showed
no statistically significant difference between the mean gains
of the experimental and control groups for both boys and girls,
although the experimental group had consistently higher mean
gains.

He connluded that there was no more improvement in the

investigation than would be expected to occur by practice without
instruction.
Hicks18 came to a similar conclusion in an experiment with
children from two to eight years of age who were given eight
weeks training in throwing, even though his study involved a
moving target rather than a stationary one.
In a similar study with children from three to seven years
14

.

of age instructed in throwing for distance, Uusenberry — round

that training produced a significant increase in throwing ability.

17
James L. Miller, "Effect of Instruction on Developrnent
of Thrc,,wing for Accuracy of First Grade Children," Research
Quarterly, 28 (ray, 1957), 132-137.
J. Mien Hicks, "The Acquisition of !::Aor Sill In
Young Cnildren," Child Developrent, 1 (June, 1930), 296.
19
Lois Dusenberry, "A Study of the Effects of Training in
Ball Throwing by Children Aces Three to Seven," Research Quarterly,
23 (March, 1952), 9-13,
r•

1
20
22
Gesell, Gutteridge 1,2 and Jenkins
compared the initial
throwing ability of children and found that this skill increased
with each age level from two to twelve years, with boys showing
a definite superiority over girls at all age levels.
Moffett,23 in a study of accuracy in target throwing,
found that as the throwing distance was increased from fifteen
to thirty feet, accuracy of direction to the left.of the center
of the target decreased.

However, from thirty feet, increased

distance did not add to inaccuracy in the same direction.

He

also found that there were no significant decreases or increases
in accuracy to the right, above, or below the center of the
target when the distance from the center of the target was
increased by fifteen foot intervals from fifteen feet to
counnfw-fivo fat.*

Sugnary
From the literature reviewed it would be expected that
arm movements rather than the action of the whole body would
determine the speed and accuracy of the throw, and that older

(NE

mold L. Gesell. -he First Five Years of Life,
iarper Brothers, 1940).

,cry V. Gutteridge, "A Study of Motor Achievement of
Young Cnikiren," Archives of Psycholoov, 244 (1939), 178.
22Lulu M.
Jenkins, "A Comparative Study of Motor
Achievements of CM1dren of Five, Six, and Seven Years of Ace,"
Teachers College Centributions to Fdu.cathn, 414 (1930), 54.
23Donovan C.
Moffett, "A Study of Accuracy of Directions
in Motor Skills at Different Distances as Determined by the
Relative Size of the Angle of Error," Research Quarterly, 13
(December, 1942), 466-480.
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subjects would show better performance than younger ones.

It

would also appear that those subjects with previous experience
of throwing in a sperts or a game situation would score better
on the test.

CHAPTER III
PROCEDURES AND EXPERIMENTAL
DESIGN
All subjects were tested
at their respective schools.
It
was therefore necessary
to construct portable testin
g equipment.
This procedure allowed
the testing to be conduc
ted in different
situations but under con
trolled conditions. It fur
ther insured
that all subjects were
tested with the same equipm
ent thereby
eliminating the possible
influence of variable factor
s such
as different groups of
subjects being tested with
a different
target.
Selection of Subjects
Only boys were used for
the test and all were taken fro
m
the Jcnes-Jaggers Latona
tory School and the T. C.
Cherry School,
both in Bowling Green, Ken
tucky. They comprised the
Entire
sample of boys at the fou
rth grade level, with the
condition
that any below the age of
nine years or above eleven
years as
of Janu_ry 31, 1972, were
excluded.
Description of Test
The test used was one
for accuracy in throwing,
wbich
was one of a battery or tes
t iturs com)pisino the New
York State
Physical Fitness Test.
When perfcrming this tes
t item as part
15

16
of the total battery the subject was required to throw a
softball twenty times at the target. This particular test was
chosen because it had been validated, provided a motivating
challenge to the subject, and could be scored objectively.
Description of Testing Equipment
The target consitted-of a piece of heavy white canvas,
measuring four feet by four feet, on which was painted a circle
with an outside diameter of two feet. The circumference of the
circle had a width of one inch, making the inside diameter
twenty-two inches.

At the top and bottom of the target the

canvas was doubled over and sewn to form a pocket. Through
the pockets two one-inch square lengths of wood were passed.
These served to keep the face of the target taut.

Staples

driven into each end of the top length of dowelling enabled a
length of cord to be fed through the opening.

The target was

then suspended from a ,ail on the wall with the target center
four feet from the floor surface.
The throwing line was marked on the floor thirty feet
back from the center of the target with one-inch wide masking
tape.

The balls used were:
1.

a lighter plastic ball with a hollow interior (the

lighter bel 1-215 oz.)
2.

a similar plstic ball filled with saAust and lead

shot (the medium weight ball-5 oz.)

17
3.

a regulation twelve-inch softball (the heavier

ball--7/
1
2 oz.)
Thus, the weights of the balls were in the rati: 1.2:3.
Description of Testing Procedure
Subjects were required to stand behind the throwing line
and by using an overarm throw, they attenpted to hit the target
as many times as possible in six series of ten throws each.

Thus,

each subject had sixty throws with the condition that there were
twenty throws per subject with each of three different weighted
balls.

That is, each group of ten throws used the same weight

of ball, but the series of six groups were in a random order of
the three different weights.

To randomize the different weights

of ball used in the six groups of throws, subjects were required
to take six discs numbered from one to six from an opaque plastic
container.

Discs one and two represented the lighter ball,

three and four the med4m ball, and five and six the heavier ball.
Therefore, the order in which the dise

•!ere taken determined

the order in which the groups of differen

weighted balls were

thrown.

to facilitate

The throws were grouped into t

testing and mathematical computation.
Scoring of Test
One point was counted for each time the ball hit the
target and balls hitting the circumference line were counted as
"good."
Throws were judged by the cbservaticn of the investigator.

18
Experimental Controls Employed
The test was conducted in school gymnasiums which had
either wooden or tile floors.

Lighting was the same as would be

expected for normal physical education class activities.

Subjects

were dressed in shorts and vest for the testing session to insure
that their throwing action was not impeded by any restrictive
clothing.

Subjects threw at their own pace and were not required

to complete any given number of throws in a specific time limit.
The only person observing the subjects throwing was the
investigator.
Instruction to Subjects
Subjects were instructed to be as accurate as possible
while maintaining the throwing speed that they would normally use while playing a game of softball.

They were not permitted

to lob the ball at the target or to slow down the throwing action
to enable them to concAtrate solely on accuracy.

Specific

instructions given to each candieate are presented in Appendix A.
Anthropometric r!easurements
To determine the length of the forearm segment,
measurements were taken from the tip of the acromion process to
the distal end of the styloid process of the ulna. These points
were palpated and "spotted" with a tine-tip felt pen before the
actual measurements were taken 'eith a steel tape.

19
Statistical Methodology
The statistical design employed was a 3 x 3 factorial
design with repeated measures over the three arm lengths.

Means

were computed as measures of central tendency, while standard
deviations and standard errors of the mean were used as indices
of dispersion.
The critical level of probability was determined prior
to the investigation and set at the .05 level.

Critical value

tables provided by Steel and Torrie l were consulted prior to the
acceptance or rejection of the null hypotheses.
The data were analyzed by an 18:1-360 computer and computer
time was furnished by the Computer Science Center of Western
Kentucky University.
Summary
The test used in this study was the accuracy item of the
New York State Physical Fitness Test.

Fifty-five boys between

nine and eleven years of age who were students at two different
elementary schools were selected as subjects for the study.
The target was a twenty-four inch diameter circle with
its center four feet above floor level.

Subjects threw three

different weighted balls the sane size as a regulation softball
from a distance of thirty feet.

The balls used were of three

weights:

They were thrown in random order

21
/
2, 5, and 7/
1
2 ounces.

1 Robert
G. D. Steel, and James H. lorrie, Principles and
Procedures of Statistics, (New York:
cc -aw-Hill Book Company,
1960), 132-146.

in groups of ten.

Throws were scored objectively by the

investigator with one point scored for each "good" throw.

Subjects

threw at their own pace and were observed only by the investigator.
To determine the length of the arm segMent anthropometric
measurements were taken from the tip of the acromion process to
the distal end of the styloid process of the ulna.
Sets of cards were key-punched et the Computer Center,
Western Kentucky University, and the data were analyzed by an
IBM-360 computer.

A 3 x 3 factorial design of analysis of

variance was computed to find possible significant differences
due to the individual_ treatments and their interaction.

CHAPTER IV
ANALYSIS AND INTERPRETATION OF DATA
This chapter contains the results of the analysis of the
data that were collected during the conduct of the experiment.
Collection of Data
Anthropometric measurements were taken with a steel tape
to determine arm lengths.

Short arm lengths were defined as

those measuring up to and including 23.0 inches, medium arm
lengths as those measuring between 23.1 inches and 24.0 inches
inclusively, and long arm lengths as those measuring 24.1 inches
and longer.

These three lengths were selected in order to allow

three approximately equal sized groups of scores to be
established.
Ball weights were defined as lint, medium aid heavy.
Their weights were 2/
1
2 ounces, 5 ounces and 7/
1
2 ounces, espectively.
Presentation of Data
Descriptive statistics for each of the nine cells in the
experiment are prEsented in Table 1.

Mean scores, standard

deviations ahd standard errors of the mean are included.

The

n-eans ranged from 5.50 to 7.77 and standard eeviations rawjed
from 2.62 to 3.57.

21
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TABLE 1
DESCRIPTIVE STATISTICS BY CELL INVOLVING
ARM LENGTH AND BALL WEIGHT

Arm Length*

Ball Weight
(oz.)

Short

2/
1
2 (Light)

12

6.33

2.62

0.76

Short

5 (Medium)

12

5.58

2.69

0.78

Short

7/
1
2 (Heavy)

12

6.17

3.16

0.91

Medium

2/
1
2 (Light)

21

5.95

3.23

0.70

Medium

5 (Medium)

21

6.00

3.37

0.73

Medium

7/
1
2 (Heavy)

21

6.10

3.01

0.66

Long

2/
1
2 (Light)

22

5.50

2.74

0.58

Long

5 (Medium)

22

6.77

2.98

0.64

Long

7/
1
2 (Heavy)

22

7.77

3.57

0.76

ft:

*Short--up to and including 23.0 inches
-! ncho(
9/1,.n ;
.n,hcs ;
Long--24.1 inches and longer
Table 2 includes descriptive statistics for ball weight
(Treatment A) averaoed across the three levels of arm length
(Treatment B).

Means ranged from 5.855 to 6.732 and standard

deviations ranged from 2.959 to 3.403.
TABLE 2
PRESENTATION OF TREATMENT A MEANS (BALL WEIGHT)
AVERAGED ACROSS LEVELS OF B (ARM LENGTH)
Ball Voiht (oz.)

s-rc

fl

1
2 (Liht)
2/

55

5.855

2.99

.40

5 (Medium)

55

6.218

3.143

.42

7/
1
2 (Heavy)

55

6.732

3.403

.46

L3
Table 3 includes descriptive statistics for the arm
lengths (Treatment 6) averaged across the three levels of
ball weight (Treatment A).

Means ranged from 2.893 to 3.278.
TABLE 3

PRESENTATION OF TREATMENT B ERNS (ARM LENGTHS)
AVERAGED ACROSS LEVELS OF A (BALL WEIGHTS)
Arm Length*

Short

12

Medium
Long

22

6.028

2.893

.84

6.016

3.230

.71

6.682

3.278

.70

*Short- up to and including 23.0 inches
Medium--23.1 inches to 24.0 inches inclusive
)O__24.1 inr.7hec ?nri lnnger
An analysis of variance employing a 3 x 3 factorial
design with r peated measures over the three arm lengths was
computed an

the results are presented in Table 4.

For

Treatment A an F-ratio of 3.15 was required for signi
ficance
and fo

the AS interaction, an F-ratio of 2.44 was required

for significance.

The table indicates that Treatment B (arm

le ngth) yielded a non-significant F-ratio of .37
(p-----.35).
Treatment A (ball weight) yielded a significant F-ratio of
3.47

24
TABLE 4
SUMMARY OF ANALYSIS OF VARIANCE OF ARM LENGTHS,
BALL WEIGHTS, AND THEIR INTERACTION

Source

df

SS

MS

2

17.34

8.67

52

1217.61

23.42

A

2

24.01

12.01

AB

4

37.02

9.25

AS

104

359.64

3.48

Total

164

1655.61

Among Subjects
B
Subject(s)

0.37

Within Subjects
3.47*
2.68

*Significant at .05 level.
With two degrees of freedom an F-ratio of 3.15 was needed for
significance.

The table indicated that Treatment B (arm

length) had no significant effect on the accuracy of the subjects
and that Treatment A (ball weight) did have a significant
effect.
Table 5 presents Tukey's W test of the three levels u;
ball weights avra7ed across arm lengths.
significonco at: the .05 level was .81.

A critical ratio for

The table ves indicate

that the heavy ball performances were significantly different
10,
0
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from the light ball performance.

The differences between the

light and medium, and medium and heavy weights reere not significant.
TABLE 5
PRESENTATION OF TUKEY'S W TEST OF THREE LEVELS OF
BALL WEIGHTS AVERAGED ACROSS ARM LENGTHS
Ball Weight
(oz.)

Light

2/
1
2 (Light)

55

5.855

5 (Medium)

55

6.218

7/
1
2 (Heavy)

55

6.782

Medium

Hea'y

.362

.927*
.574

*Significant at .05 level.
An analysis of the AB interaction yielded a significant
F-ratio of 2.58 (p.‹.05) which indicated a lack of independence
of the two factors.

Further examination of the graphic

illustration cf the levels of Treatment B across the levels of
Treatment A are shown in Figure 1 and indicate that the interaction effect was due to difference of direction becauce of the
change of ball weight from light to medium for all three arm
lengths.

Secondly, a small difference of direction existed

between short and medium arm lengths and also a difference to
magnitude for long arm length when a heavy ball was utilized.
Figure 2 presents a graphic illustration of the different
ball weights across the levels of arm lengths.

The difference

in direction interaction was due to the light ball result
s across
the three arm lengths.

However, a difference in raynitude
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Fig. I.--Fespcnsa Scale of the Levels of Treatment B
Across the Levels of Treat7ent A.
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Fig. 2.--Resuonse Scale of the Levels of Tre3t7ent A
Across thL Levels of Trelitment B.
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interaction due to the other two ball weights across the levels
of B was also evident.
Discussion of Results
The results of this study indicated that within the limits
of the experiment there were no significant differences in the
accuracy of the three groups of varying arm length.
Although her study was more concerned with velocity rather
than accuracy of throwing, Bowne 1 foend no rel3tionship between
structure-length measures and overhand throwing ability.
Similarly, the results here agree with the conclusions reached by
Watson,2 who found little relationship between the length of the
levers of the arm and the accuracy and speed of throwing a baseball.
The results were also in agreement with the findings of Breitinger3
who found almost no relationship between the length of the arm and
achievement in throwing :n a test with high school boys.
In this study, with regard to ball weight, the results
indicated that while there were no significant differences between
the light and medium, and medium and heavy weights, there was a
significant difference between the light ball and the heavy ball.
This would seem to be in disagreement with the findings of
Jable

4

who found in a study of basketball shooting that practfte
1

0

A

Bowne, oo._cit., A2-402.

2
Watson, _921. cit., 171-141.
3Breitinger, cc. cit., 85-91.
4
Jable, pp._cit.

with a heavy ball had no effect on free throw shooting accuracy,
whereas practice with lighter and regulation balls did.

However,

Jable's study was concerned with the effects of practice rather
than accuracy per se and the heaviest ball used was above regulation
weight while in this study the heaviest ball was regulation weight.
Summary
Fifty-five subjects were tested on the accuracy item of
the New York State Physical Fitness Test.

Their accuracy in

relation to factors of varying arm length and varying weight of
the ball thrown was statistically analyzed.

The F-ratio of 0.37,

computed in the analysis of variance design, showed that the
factor of varying arm length did not have a significant effect
on throwing accuracy.

The F-ratio of 3.47, computed in the •

analysis of variance design, showed that the factor of varying
ball weight had a significant effect on accuracy.

The F-ratio

of 2.68 computed showed that the interaction of the two faCtors
had a significant effect on accuracy.

CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMnNDATIONS
Summary
The purpose of this study was to investigate the effects
of the 1Pngth of the throwing arm and the effects of the variation
of the weight of the ball on the accuracy of the overarm throw.
The subjects consisted of the entire sample of boys at the fourth
grade level from the Jones-Joggers Laboratory School and the
T. C. Cherry School, both in Bowling Green, Kentucky.

There

were a total of fifty-five subjects, all between the ages of nine
.4
anu

.
-1
yEars.
-yen
eie

The test used was the accuracy throwing item which
4

appeared in the New York State Physical Fitness Test battery.
Sixty throws, in groups of ten, were administered to each subject.
Before being tested each subject was read the same set
of instr,xtions and questions were answered by the investigator.
- ized individual performances and the total scores were
rded on personal data sheets along with such information as
date of birth, height, weight, and the preferred throwing arm.
The subjects' throws were scored on the basis of one point for
each successful throw.
Sets of computer cards were key-punched at the Computer
Center, Western Kentucky University, and an analysis of varianee
30
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with repeated measures over
employing a 3 x 3 factorial design
. The F-ratios obtained were
the three arm lengths was computed
icant effects of the length of
then tested for the possible signif
the weight of the ball, and
the throwing arm, the variation of
ables.
the interaction between those two vari
Conclusions
y the following
Within the limitations of this stud
n:
(lathered in this investigatio
conclusions were drawn from the data
did not have a
1. The length of the throwing arm
of the subjects.
significant effect on the accuracy
ship between the
2. There was a significant relation
of the subjects. Although
weight of the ball and the accuracy
accurate as the ball weight
subjects became progressively more
ce was between the light
was increased, the significant differen
contiguous weights of the
and the heavy ball but not between the
ball.
3.

and ball weight
The interaction between arm length

was significant at the .05 level.
Recommendations
of ball as in
Further testing with three weights
ball distributed in such
this study, but with the weight.of the
ball weight fall somewhere
a manner as to hne the regulation
1.

ball.
in between the lightest and heaviest
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2.

Further testing with sub
jects in the same age range
to verify the conclusions
reached in this study, per
haps with
different types of balls
and with girls as well as boy
s.
3. Further testing with
subjects who had been select
ed
for the characteristics
of extra short and extra
long arm lengths.
In this study the arm len
gths were spread over a ran
ge of only
three or four inches. To
obtain this effect, a wider
range of
ages woJld probably have
to be sampled.
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)
a product originally intended to be utiCrete Koatel
lized for absorbing excess moisture and reducing knee abrasions of baby pigs raised in confinement, was tested as
a hematinic for young pigs.

Four treatments were studied:

(1) T-NI, pigs receiving no iron; (2) T-IS, pigs receiving
a 2 ml intramuscular injection of iron-dextran at 2 days
of acre; (3) T-CK, pigs raised in pens treated daily with
Crete Koate; (4) T-ISCK, pigs receiving an intramuscular
injection of iron-dextran on day 2 whose pens received
daily treatments of Crete Koate.

Hemoglobin levels were

used as an indicator of iron status in the body and weights
were used as a measure of production.
Blood samples taken at 14 days of age revealed
differences (P 4
(.01) in hemoglobin levels among treatments.

Those treatments supplying iron, T-IS, T-CK, and

T-ISCK, maintained higher (P>.01) hemoglobin levels than
the control, T-NI.

Weights did not significantly differ

amona treatment groups at either 14 or 28 days (P>.10).
There was no observable difference th knee scuffing
among treatments.

However, those pens receivina Crete

Koate appeared to stay drier and cleaner.
Results of this study suggest that Crete Koate may
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